The mean age of the study subjects was 24 years (SD=3.9). Two-thirds of the linear measurements were significantly higher than the McNamara norms. The angular measurements of female subjects were significantly higher than McNamara's reference values.
As regards gender differences, almost two-thirds of male linear measurements were higher than females, and the differences were statistically significant in half of the measurements. In contrast, though all higher, female angular measurements showed no statistically significant differences.
Gender and racial differences exist in cephalometric norms measured using the McNamara analysis.
Radiographic cephalometry is a vital tool for clinical and research orthodontics. 1 Since its introduction by Broadbent 2 in 1931, numerous cephalometric analyses have been described over the years. These analyses are frequently used by orthodontists and maxillofacial surgeons for diagnosis, treatment planning, growth analysis and evaluation of treatment results. 3 The McNamara 4 analysis is a popular example, composed of eight linear and three angular measurements. The analysis provided a method that is simultaneously sensitive not only to the position of the teeth within a given jaw bone but also to the relationship of the two jaws, as well as the relationship between the jaws and cranial base. 4 The relative positions of the maxilla and mandible, maxillary and mandibular lengths, the height of the face and the position of the incisors are described. It was developed for conventional orthodontic patients as well as for those with skeletal discrepancies requiring orthognathic surgery or growth modification. 5 Studies have established McNamara norms for various population groups, the data having been found to vary amongst different age, racial and ethnic groups. [6] [7] [8] [9] [10] [11] Whilst Barter et al. 12 established norms for Black South African children aged between 11 and 16 years, no McNamara norms for Black adults are available in the literature. This study seeks to determine these values for an adult Black South African sample. Class I; acceptable soft tissue profile 12 ; Dental Class I; normal overjet and overbite; no severe crowding; no crossbites; no missing teeth except the third molars; and, no history of orthodontic treatment or orthognathic surgery.
All radiographs had been taken with the Frankfort horizontal plane parallel to the floor, the teeth in centric occlusion and the lips at rest. The analog cephalograms were taken with the Siemens, Orthopantomogram 10® while the digital radiographs were obtained using the Kodak 8000C® X-ray machine. The analog cephalograms were digitized using Vidar Sierra Advantage® X-ray film digitizer. A ruler from the Dolphin software programme was attached to each cephalogram during the digitization process (Figure 1 ). The calibrations on the ruler served as a reference to enable adjustment for magnification of the image. Table 1 .
To determine the errors associated with landmark identification and measurements, five radiographs were randomly selected, retraced and re-measured by the principal investigator (intra-examiner reliability/error), as well as by the supervisor (inter-examiner reliability) two weeks after the initial measurements. The Pearson Correlation coefficient test was performed to determine intra-and inter-examiner reliability. Arithmetical means and standard deviation were calculated for all variables. A Shapiro-Wilk test was carried out to objectively assess the normality of distribution of the measured variables.
The mean values obtained from the sample for all the variables were compared with the McNamara 4 norms (Ann Arbor sample) by a one-sample t test. The mean values for male and female subjects were compared by a two-sample t test. The level of significance was set > at p ≤ 0.05. All statistical analyses were performed under the advice of a statistician and were processed using the Statistical Analysis System (SAS) 9.2 computer software programme.
The sample demographics are illustrated in Table 2 .
There was no statistically significant difference between the ages of male and female subjects. The Shapiro-Wilk test revealed that more than 90% of the variables were normally distributed (p > 0.05). The intra-and inter-examiner reliability tests showed the correlation coefficient exceeded 0.8 indicating that the method of measurement was reliable and reproducible. Table 3 shows a comparison of the measured variables between male and female subjects. The mean values for four linear measurements (effective mandibular length; effective mid-facial length; maxillomandibular differential; and anterior lower facial height) were significantly larger in males than in females. The other four linear measurements (nasion perpendicular to Point A; pogonion to nasion perpendicular; upper incisor to Point A vertical; and lower incisors to A-Po line) and three angular measurements (SNA; mandibular plane; facial axis angle) showed no statistically significant difference between male and female subjects. Table 4 shows a comparison of the measured variables between the study and the Ann Arbor male sample. The mean values for two linear measurements (upper Table 1 These findings are an indication that male subjects have larger mandibular and maxillary skeletal structures than females. This finding could be related to the well-known time differences in craniofacial growth; male subjects grow for a longer period of time and therefore have larger maxillary and mandibular skeletal structures than females. [13] [14] [15] No statistically significant difference was found in the two angular measurements for vertical dimension, linear measurement for the position of the mandible and linear measurement of the positions of the upper and lower incisors. However, the female sample demonstrated a more vertical tendency as measured by the mandibular plane angle, a more protrusive mandibular position and more protrusive upper and lower incisor positions. These findings are similar to data previously reported with regard to the vertical dimension, 4, 6, 8, 10 the mandibular position, 8 and the upper 4, 6 and lower 4, 6 incisors position.
Only three variables (facial axis angle; upper incisor to Point A vertical; lower incisor to APO line) were found to be significantly different between the current study and the Ann Arbor sample. The facial axis angle in the present study sample was smaller (more negative, i.e. -1.5° versus 0.5°) than that of the Ann Arbor sample. The mean value of upper incisors to Point A vertical in this study was 3.2 mm larger compared with the Ann Arbor male sample. The lower incisor to APO measurement was 4.2 mm greater than the McNamara norms.
These findings were in agreement with those of a number of researchers for both upper and lower incisor positions. [6] [7] [8] 10 Furthermore, the findings in this study concur with those of other studies with regards to the facial axis angle. 6, 11 The other eight variables showed no statistically significant differences between the two groups. However, the mean values for the effective mandibular length, effective maxillary length and pogonion to nasion perpendicular were larger in the Ann Arbor male sample. On the contrary, the mean values of the nasion perpendicular to point A and mandibular plane angle were larger in the Black male sample. Similar findings have been reported for effective mandibular and maxillary lengths. 6, 7, 10, 11 Additionally, larger lower anterior facial height values have also been found. 6, 8, 10 The results of the current study suggest that Black subjects have protrusive upper and lower incisors (bimaxillary protrusion) as well as an increased lower anterior facial height. A combination of increased lower facial height with relatively shorter maxilla and mandible (a finding in the current study although not statistically significant) further suggests that Black subjects of the present study have a tendency to downward and backward rotation of the mandible and a convex facial profile compared with Caucasians.
A comparison of the female results showed that the values of seven (7) out of eleven (11) variables were statistically significantly larger in the present study compared with the McNamara norms. These variables are: SNA angle; nasion perpendicular to point A; effective mandibular length; effective maxillary length; lower anterior facial height; upper incisors to point A; and lower incisors to APO. Except for the Saudis 8 mandibular and maxillary lengths, the values from the present study revealed larger figures than any reported previously (Table 6 ). Comparison between study sample and Ann Arbor male sample
Comparison between study sample and Ann Arbor female sample
The current findings with regard to the position of maxilla differ from the results of other studies that found the SNA to be smaller than that of the McNamara norms. 6, 7, 10 Similar results of smaller mean values of point A to nasion perpendicular were reported in two studies. 8, 11 A similar trend of smaller values than the McNamara norms was found with regard to effective mandibular and maxillary lengths. 6, 7, 10, 11 By contrast, several studies reported greater values than the McNamara norms for the lower anterior facial height, [6] [7] [8] 11 upper incisor to point A vertical 6, 10 and lower incisors to APO. 6, 8, 10, 11 The interpretation of the current findings suggests that the Black female subjects had prognathic maxillae (larger SNA and nasion perpendicular to point A), larger mandibles (effective mandibular length) and maxillae (effective maxillary length), longer lower anterior facial height and procumbent upper (upper incisors to point A vertical) and lower incisors (lower incisors to APO). In addition, the mandible was also protrusive, even though the values were not statistically significant.
These findings further suggest that a combination of larger maxilla, protrusive maxilla and maxillary incisors together with larger mandible, protrusive mandible and mandibular incisors (bimaxillary skeletal and dental protrusion) is a characteristic feature of the current female study subjects.
Bimaxillary protrusion has been established as a common feature among the general Black population as well as among Black South African subjects. [16] [17] [18] [19] [20] Our study sample subjects, therefore, appear to have facial features shared with other Black individuals from other parts of the world.
The sample size in this study was small. However, it was representative of the target population. A large number of significance tests were also carried out on the data. These two factors increase the possibility of making type I and II errors.
Within the limitations of the current study, the following conclusions can be drawn:
• There are significant gender differences in the study sample, with male subjects having significantly larger mandibles, maxillae and lower anterior facial height structures.
• The present male study subjects demonstrated a significantly smaller facial axis angle, and significantly more procumbent upper and lower incisors compared with the Ann Arbor sample.
• The females from this study were found to have significantly larger and protrusive maxillae, significantly larger but non-significantly protrusive mandibles, significantly greater lower anterior facial heights, and significantly procumbent upper and lower incisors compared with the Caucasian Ann Arbor sample.
• The Ann Arbor (McNamara) norms may be applicable to the male study sample except for the facial axis angle, upper incisors to Point A vertical and lower incisors to A-Po line measurement. The Ann Arbor norms are, however, not applicable to the female study sample.
• A more comprehensive survey including a larger sample drawn from a wider population is indicated to confirm the results of this study.
